Energy density in growing diets may affect carcass quality of cattle; however, few reports have described the impact of energy source. The objectives of this research were to determine effects of source [dried distillers grains with solubles (DDGS) vs. corn] and amount (limit-fed to gain 0.9 vs. 1.4 kg of BW/d) of energy during the growing phase on feedlot performance and marbling. Angus-cross steers (144 head) were blocked by BW (average initial BW = 252 ± 36 kg), allotted within each block to 8 pens (6 steers/pen, 24 pens total), and randomly assigned to 1 of 4 feeding systems in a 2 × 2 factorial arrangement of treatments: 1) 65% DDGS fed to gain 0.9 kg of BW/d, 2) 65% DDGS fed to gain 1.4 kg of BW/d, 3) 65% corn fed to gain 0.9 kg of BW/d, and 4) 65% corn fed to gain 1.4 kg of BW/d. Fecal grab samples were collected on d 52 of the growing phase to determine digestibility of DM, ADF, NDF, ether extract (EE), and CP. After the 98-d growing phase, all steers were fed the same finishing diet. Steers were slaughtered by pen when average BW within the pen was 544, 522, and 499 kg for the large, medium, and small BW blocks, respectively. Average daily gain and DMI differed (P < 0.01) by design during the growing phase. Compared with the cornbased diets, digestibilities of DM, NDF, and EE were decreased (P < 0.02) when DDGS-based diets were fed during the growing phase, whereas the digestibility of N was increased (P < 0.01). The ADG was greatest (P = 0.02) during the finishing phase for steers fed to gain 0.9 kg of BW/d initially, but source of energy during the growing phase did not affect (P = 0.24) finishing phase ADG. Steers fed to gain 0.9 kg of BW/d during the growing phase also had less backfat (P = 0.08), decreased USDA yield grades (P = 0.03), and greater LM area (P < 0.01) than steers fed to gain 1.4 kg of BW/d. There was an interaction between energy source and amount for marbling scores (P = 0.02). Steers fed cornbased diets to gain 0.9 kg of BW/d during the growing phase had the most marbling, whereas those fed to gain 0.9 kg of BW/d on DDGS had the least marbling; the remaining feeding systems were intermediate. Overall ADG and DMI were affected (P < 0.06) by both source and amount of energy fed during the growing phase. Feeding the DDGS-based diet to achieve greater ADG during the growing phase increased marbling, whereas feeding the corn-based diet to increase ADG during the growing phase decreased marbling.
INTRODUCTION
Cost-effective strategies for feeding cattle during the growing phase, which do not result in detrimental effects on carcass traits, are needed. By including a growing phase, the number of days on a finishing diet can be decreased (Schoonmaker et al., 2002) . However, both the amount and the source of energy fed to cattle during a growing phase may affect cost of BW gain and carcass quality. Limit feeding corn-based diets during a growing phase results in improved efficiency of BW gain (Hicks et al., 1990; Knoblich et al., 1997) , but also may result in a decreased percentage carcasses grading USDA Choice (Hicks et al., 1990; Murphy and Loerch, 1994) . Feeding starch-based diets rather than fiber-based diets during the growing phase results in greater overall ADG and improved feed efficiency (Myers et al., 1999) as well as an increased percentage of carcasses grading USDA Choice (Schoonmaker et al., 2003) . Distillers grains may be a cost-effective alternative energy source for use during the growing phase when compared with other commodities. Data exist to suggest that finishing diets containing more than 33% distillers grains decrease carcass quality (Reinhardt et al., 2007) ; however, there is little information regarding the use of dried distillers grains with solubles (DDGS) as the predominant source of energy during the growing phase. Therefore, the objectives of this study were to determine the effects of limit feeding DDGS-based diets on efficiency of feed utilization, diet digestibility, performance, and carcass characteristics of feedlot steers, and to determine effects of source (DDGS vs. corn) and amount of energy (fed to gain 0.9 vs. 1.4 kg of BW/d) during the growing phase on marbling and USDA quality grade (QG). Our hypothesis was that feeding DDGS-based diets for increased ADG during the growing phase would decrease overall feedlot performance and QG, whereas feeding corn-based diets for increased BW gain during the growing phase would improve overall feedlot performance and QG.
MATERIALS AND METHODS
All animal procedures were approved by the Agricultural Animal Care and Use Committee of The Ohio State University and followed guidelines recommended in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1998) .
Animals and Diets
One hundred forty-four Angus-cross steers (average initial BW = 252 ± 36 kg) were used. Steers were blocked into 3 BW blocks (light, medium, and heavy); steers within each block were allotted to 8 pens (6 steers/pen, 24 pens total) such that pens within a block had the same average initial BW. Pens (5.4 × 5.4 m) were constructed of metal gates and cables on concrete slatted floors in an open-sided barn and provided 81 cm of bunk space per steer. Dietary treatments were assigned randomly to pens within each block according to 4 feeding systems: 1) 65% DDGS fed to achieve a predicted BW gain of 0.9 kg/d, 2) 65% DDGS fed to achieve a predicted BW gain of 1.4 kg/d, 3) 65% corn fed to achieve a predicted BW gain of 1.4 kg/d, and 4) 65% corn fed to achieve a predicted BW gain of 0.9 kg/d. The remainder of the diet was 15% corn silage and 20% supplement (Table 1) . Growth rate was controlled by feeding a prescribed amount of feed to achieve the predicted BW gains of 0.9 or 1.4 kg/d based on NE equations (NRC, 2000) . The ingredient energy values used to calculate prescribed intakes were based on NRC (2000) except for DDGS. Based on previous research reports (Ham et al., 1994; Buckner et al., 2008; Loy et al., 2008) , DDGS was assumed to contain 110% of the energy of corn. The amount of feed delivered was adjusted every 14 d based on average BW of steers in each pen. The treatment diets were fed during the growing phase (d 0 to 98), whereas during the finishing phase all steers were fed the same finishing diet (Table 1) . Feed was delivered to pens once daily at 1100 h. Feed samples were collected every other week. Collected feed samples were composited at the end of the trial for nutrient analysis. Corn silage was sampled weekly, and other ingredients were sampled every 14 d for DM determinations; these were used to adjust ingredient percentages in the diets. All feed samples were ground using a Wiley mill (1-mm screen, Arthur H. Thomas, Philadelphia, PA) and analyzed for DM (24 h at 100°C); NDF and ADF (using Ankom Technology Method 5 and 6, respectively; Ankom 200 Fiber Analyzer, Ankom Technology, Fairport, NY); CP (macro Kjeldahl N × 6.25); ether extract (EE; using ether extract method; Ankom Technology); and selected macrominerals (Ca, P, and S; AOAC, 1997). Performance-based equations from the Beef NRC (2000) were used to calculate diet NE m and NE g based on ADG, DMI, and metabolic BW.
Steers were implanted with Synovex S (Fort Dodge Animal Health, Overland Park, KS) at the start of the trial (d 0) and were re-implanted with Synovex S when switched to the finishing diet (d 99). Steers were weighed on 2 consecutive days to determine initial BW every 14 d until the end of the experiment, and then weighed again on 2 consecutive days to determine final BW before slaughter.
Sampling
At a mid-point of the growing phase (d 52), feed and feces (~200 g/steer) were collected at 0900 and 1500 h to calculate nutrient digestibility using AIA as an internal digestion marker (Van Keulen and Young, 1977) . Feces from all 6 steers at both sampling times were composited into 1 sample/pen and then stored frozen at −20°C.
Steers were all killed at a commercial processing facility. All steers within a pen were killed when pen average BW reached the final target BW for that BW block. The target final BW for the large, medium, and small blocks was 544, 521.5, and 499 kg. Hot carcass weight, backfat thickness, LM area, KPH %, USDA QG, and USDA marbling score were determined by trained Ohio State University personnel. Carcass yield grade was calculated (USDA, 1997). Carcass characteristics were measured and a LM slice (approximately 1.0 cm) was removed between the 12th and 13th rib after a 48-h chill. Longissimus muscle samples were analyzed for intramuscular fat content using the EE method (Ankom Technology).
Statistical Analysis
The experimental design for this study was a randomized complete block design with subsampling and with a 2 × 2 factorial arrangement of treatments. Statistical data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC). The model used was
where Y ijk = response variable; μ = mean; b i = blocks by initial BW (large, medium, or small) were considered as random effects, and energy intake (EI) and energy source (ES) were both fixed effects; EI j = the prescribed energy intake to meet either 0.9 or 1.4 kg of BW gain/d; ES k = the source of energy (either DDGS or corn); and error was e ijk . Pen was the experimental unit. For all statistical analyses, significance was declared at P ≤ 0.05 and trends were discussed at 0.05 < P < 0.10.
RESULTS AND DISCUSSION
Performance data are presented in 3 categories (Table 2): growing phase performance (d 0 to 98), finishing phase performance (d 99 to slaughter), and overall performance (d 0 to slaughter). There were no interactions (P ≥ 0.33) of energy source and intake for growth or feed efficiency; however, an interaction was detected for DMI (P = 0.04) during the growing phase. This interaction was prescribed by the research objectives. Diets were fed during the growing phase to meet prescribed BW gain based on the NRC (2000) equations for BW gain. Likewise, the energy intake effect (P < 0.01) on ADG during the growing phase was a result of our experimental procedures. Steers fed the cornbased diets had greater (P < 0.01) ADG than those fed DDGS-based diets during the growing phase. This was an unexpected response. Based on previous research reports (Ham et al., 1994; Buckner et al., 2008; Loy et al., 2008) , DDGS was predicted to contain 110% of the energy of corn. The achieved BW gains for the steers limit-fed DDGS-based diets during the growing phase were similar to the predicted BW gains. However, the steers fed corn-based diets exceeded their predicted growth of 0.9 and 1.4 kg of BW/d by 27 and 17%, respectively. Using equations from the 2000 Beef Cattle NRC, the NE m and NE g of the respective diets was calculated based on the observed performance (Table 3 ). The performance calculated NE m and NE g for the DDGS-based diets were approximately 10% less (P = 0.10) than those of the corn-based diets. The performance calculated NE m for the DDGS-based diets were similar to those estimated based on NRC (2000) feed ingredient values (assuming DDGS had 10% more energy than corn). However, the corn-based diets had 5% greater performance calculated NE m than originally calculated based on feed ingredient values. The reason for the increase in observed ADG compared with that predicted for steers fed the corn-based diet is unknown. However, prescribing intake of corn-based diets often has resulted in slightly greater ADG than would be predicted based on NRC equations (Loerch and Fluharty, 1998; Rossi et al., 2001) . The decreased ADG noted in the steers limit-fed DDGS when compared with those fed corn may be explained by several factors. The DDGS used in this trial contained 27% CP and the DDGS-based diet was almost 22% CP. At the greater inclusion level used (65% of the diet DM), the excess N could have caused an adverse effect on performance as reported by Gunn et al. (2009) . Second, growth of the steers consuming the DDGS-based diet could have been compromised by the increased concentration of S in the DDGS. The DDGS source used for this trial averaged 0.79% S on a DM basis. Increased dietary S can cause polioencephalomalacia (Gould et al., 1997) . The NRC (2000) recommends a maximum tolerable limit of 0.4% S in beef cattle diets; the DDGS-based diets in this study contained 0.54% S (Table 1) . Although we did not observe any cases of polioencephalomalacia in this trial, the cattle could have experienced negative subclinical effects of excess S. Because we limit-fed cattle during the growing phase, they consumed the majority of their feed shortly after feeding. This feeding pattern would likely decrease ruminal pH and also may have exacerbated the effects of excess protein and S. Differences in ruminal pH and effects on ruminal nutrient digestion could explain the differences in relative energy value of DDGS in this study.
At a midpoint in the growing phase, fecal grab samples were collected for estimating apparent digestibility (Table 4 ). The DDGS-based diets had decreased (P < 0.01) apparent DM, NDF, and EE digestibility than the corn diets. The DDGS-based diets had greater N digestibility (P < 0.01) in spite of the reduced DM digestibility. Kleinschmit et al. (2007) found that the total digestible protein in DDGS for dairy cattle varied by source and was between 70 to 85%. The results from the current study seem to agree with the previous research that N from DDGS is at least as digestible as N from corn grain-soybean meal-based diets. The DDGS-based diet was 8.5% EE. The increased intake of fat in the DDGS-based diets suggests the efficiency of FA absorption could have been decreased compared with the corn-based diet, which only contained 3.4% EE (Palmquist and Jenkins, 1980) . These results disagree with previous findings with wet distillers grains that suggest greater fat digestibility from distillers grain-based diets than corn-based diets (Vander Pol et al., 2009) .
During the finishing phase, all cattle were fed the same diet for ad libitum intake to examine the effects of the growing phase treatments on subsequent finishing DDGS 0.9 = 65% dried distillers grains with solubles diet limit-fed to gain 0.9 kg of BW/d during the growing phase; DDGS 1.4 = 65% dried distillers grains with solubles diet limit-fed to gain 1.4 kg of BW/d during the growing phase; Corn 0.9 = 65% dry rolled corn diet limit-fed to gain 0.9 kg of BW/d during the growing phase; Corn 1.4 = 65% dry rolled corn diet limit-fed to gain 1.4 kg of BW/d during the growing phase.
2 ES = effect of energy source (DDGS or corn); EI = effect of energy intake (fed to gain 0.9 or 1.4 kg of BW/d during the growing phase); ES × EI = the interaction of source and amount of EI. phase performance and carcass characteristics. There was a carryover effect of growing phase energy intake on ADG and efficiency during the finishing phase. During the finishing phase, steers fed to gain 0.9 kg of BW/d during the growing phase gained 14% faster than those fed to gain 1.4 kg of BW/d during the growing phase. Steers fed to gain 0.9 kg of BW/d during the growing phase were lighter (P < 0.01) entering the finishing phase and were more efficient (P = 0.03) during the finishing phase than those fed to gain 1.4 kg of BW/d during the growing phase. This carryover response in the finishing phase is typical of cattle that are limit-fed corn diets during the growing phase (Hicks et al., 1990; Knoblich et al., 1997) .
There were no interactions (P ≥ 0.12) of energy source or intake level on overall ADG, DMI, or G:F ( Table 2 ). Steers that were limit-fed corn during the growing phase tended to have greater (P = 0.06) overall ADG than steers that were limit-fed DDGS. This occurred because steers limit-fed corn during the growing phase had greater ADG (P < 0.01) than those limit-fed DDGS and their ADG did not differ (P = 0.24) during the finishing phase. However, this trend in overall ADG did not affect efficiency, as measured by G:F (P = 0.19), because DDGS-fed cattle during the growing phase also had less (P < 0.01) overall DMI than cattle fed the corn-based diet during the growing phase. Final BW was not affected (P ≥ 0.09) by growing phase energy source or intake because cattle were killed at a targeted end BW so that effects of feeding system on carcass characteristics, and specifically fat distribution, could be evaluated based on steers at a similar BW. Days on feed (DOF) was affected (P ≤ 0.03) by growing phase energy source and intake. Cattle that gained BW faster, regardless of energy source, spent fewer DOF than cattle that gained BW slower during the NE values for maintenance and gain were calculated based on actual intake and animal performance using Beef Cattle NRC (2000) equations.
2 DDGS 0.9 = 65% dried distillers grains with solubles diet limit-fed to gain 0.9 kg of BW/d during the growing phase; DDGS 1.4 = 65% dried distillers grains with solubles diet limit-fed to gain 1.4 kg of BW/d during the growing phase; Corn 0.9 = 65% dry rolled corn diet limit-fed to gain 0.9 kg of BW/d during the growing phase; Corn 1.4 = 65% dry rolled corn diet limit-fed to gain 1.4 kg of BW/d during the growing phase. Three cattle were removed for non-treatment-related reasons. DDGS 0.9 = 65% dried distillers grains with solubles diet limit-fed to gain 0.9 kg of BW/d during the growing phase; DDGS 1.4 = 65% dried distillers grains with solubles diet limit-fed to gain 1.4 kg of BW/d during the growing phase; Corn 0.9 = 65% dry rolled corn diet limit-fed to gain 0.9 kg of BW/d during the growing phase; Corn 1.4 = 65% dry rolled corn diet limit-fed to gain 1.4 kg of BW/d during the growing phase.
2 ES = effect of energy source (DDGS or corn); EI = effect of energy intake (fed to gain 0.9 or 1.4 kg of BW/d during the growing phase); ES × EI = the interaction of source and amount of EI.
3
Three cattle were removed for non-treatment-related reasons.
growing phase. However, cattle limit-fed DDGS-based diets had greater (P = 0.02) DOF than cattle that were limit-fed corn-based diets during the growing phase.
Carcass results are shown in Table 5 . Cattle were killed when their pen averaged the target end BW; therefore, there were no effects of growing phase feeding regimen on HCW (P = 0.62). There was an interaction of growing phase energy source and intake on marbling score (P = 0.02) and QG (P = 0.02). Feeding DDGS for increased BW gains during the growing phase led to increased marbling; however, feeding corn for increased BW gains during the growing phase led to decreased marbling. The reduction in marbling scores in the calves limit-fed the corn-based diet to gain 1.4 kg of BW/d was unexpected and likely occurred because those calves had only 65 d on the ad libitum finishing diet (19 d less than any other group) and were only 65 d from time of reimplant with Synovex S until slaughter. As would be expected, the QG response followed marbling score; however, there were no effects (P > 0.21) of growing phase treatment on intramuscular fat measured from the 12th-rib LM section. The differences in marbling score resulted in differences in the distribution of USDA QG Average Choice and greater (P < 0.01) and, therefore, may have practical significance to affect carcass value. Inadvertently, steers programmed to gain 1.4 kg of BW/d on the DDGS diet and those programmed to gain 0.9 kg of BW/d on the corn diet gained similarly during the growing and finishing phases, and overall. All measures of carcass characteristics were similar (P > 0.10) between these 2 regimens, suggesting that at the same growing phase ADG, source of energy did not influence carcass characteristics. Data from a meta-analysis (Reinhardt et al., 2007) suggest that cattle fed more than 33% DDGS will have reduced marbling scores compared with cattle that have not received DDGS; however, our data show that if 65% DDGS diets are fed to achieve BW gains of 1.4 kg/d during a growing phase, marbling scores will be similar compared with calves limit-fed corn during the growing phase. Backfat tended to be greater (P = 0.08) in cattle that were limit-fed to gain 1.4 kg of BW/d during the growing phase vs. those limit fed to gain 0.9 kg of BW/d and this was reflected in significant similar energy intake effect (P = 0.03) for YG. The amount of energy intake during the growing phase also had an effect on LM area (P < 0.01). Cattle that were under greater restriction during the growing phase had greater LM area. This suggests greater energy restriction during the growing phase may have caused a shift in relative tissue accretion rates resulting in less subcutaneous fat and more muscle accretion at a similar final BW.
In conclusion, 65% DDGS growing phase feedlot diets can successfully be limit-fed; however, DDGS may have a decreased energy value than predicted based on previous literature where comparisons were at ad libitum intakes. This decreased energy value may be due to decreased digestibility of DDGS when compared DDGS 0.9 = 65% dried distillers grains with solubles diet limit-fed to gain 0.9 kg of BW/d during the growing phase; DDGS 1.4 = 65% dried distillers grains with solubles diet limit-fed to gain 1.4 kg of BW/d during the growing phase; Corn 0.9 = 65% dry rolled corn diet limit-fed to gain 0.9 kg of BW/d during the growing phase; Corn 1.4 = 65% dry rolled corn diet limit-fed to gain 1.4 kg of BW/d during the growing phase. 4 ES = effect of energy source (DDGS or corn); EI = effect of energy intake (fed to gain 0.9 or 1.4 kg of BW/d during the growing phase); ES × EI = the interaction of source and amount of EI.
5
Three cattle were removed for non-treatment-related reasons. 6 Cattle were slaughtered at target BW: small block at 499 kg, medium block at 522 kg, and large block at 544 kg.
7
For marbling score 400 = slight, 500 = small, 600 = moderate.
8
The scale for the USDA quality grade was 4 = Select, 5 = Low Choice, 6 = Average Choice.
with corn. Steers fed to gain 0.9 kg of BW/d with a DDGS-based diet had decreased marbling scores compared with steers fed to gain 0.9 kg of BW/d with a corn-based diet; however, steers fed to gain 1.4 kg of BW/d had similar marbling scores regardless of energy source. Feeding DDGS-based diets to achieve greater ADG during the growing phase increased QG of Angus cross cattle; however, feeding corn-based diets to increase ADG during the growing phase decreased QG.
